A number of mutations within the Bacillus subtilis glutamine synthetase (GS) gene result in altered catalytic properties and overproduction of the GS antigen. The restriction fragments containing mutations from three such mutants were sequenced, and they all had amino acid changes in conserved residues found either within or near sequences contributing to the active site of the Salmonella typhimurium GS.
A number of mutations within the Bacillus subtilis glutamine synthetase (GS) gene result in altered catalytic properties and overproduction of the GS antigen. The restriction fragments containing mutations from three such mutants were sequenced, and they all had amino acid changes in conserved residues found either within or near sequences contributing to the active site of the Salmonella typhimurium GS. Bacillus subtilis glutamine synthetase (GS) is not regulated by a cascade system or as part of a global nitrogen regulatory scheme, such as is found in Escherichia coli (8) . There is transcriptional control in response to the nitrogen source (5) , and there is also evidence for autogenous regulation based on both studies of cloned genes in E. coli (9) and the properties of some glutamine auxotrophs (2, 6) . One class of these mutants is unique in that both catalytic and regulatory properties of GS are altered (2) ( Table 1) . These auxotrophs were isolated after treatment with nitrosoguanidine (DRD2, DRD4, DRD6, DRD17) or ethylmethanesulfonate (DRD7) or spontaneously (DRD8), and each mutation was transferred into strain JH641 (trpCl phe-J ilv-1) by congression prior to analysis (D. R. Dean, Ph.D. thesis, Purdue University, West Lafayette, Ind., 1979).
There was a correlation of high Mn2+ activity with high antigen levels in three of the four mutants examined (Table  1) . Estimates of antigen content were based on immunoblots ( Fig. 1 ) and on sodium dodecyl sulfate-polyacrylamide gel electrophoresis of ammonium sulfate-fractionated extracts (D. R. Dean, Ph.D. thesis). In both cases, cells were grown in a glucose minimal medium supplemented with the required amino acids (2) .
These auxotrophs (all revertible with a frequency of ca. 1/ 107) were transformed with HindIII-EcoRI restriction fragments from within the GS structural gene (5, 11) (Fig. 2) (11) , and two of them, P-235-S and G-243-*S, were in a conserved region which apparently contributes to the active site in the S. typhimurium GS (1, 7). They are also very close to H-245 in the Salmonella enzyme, which when oxidized results in loss of activity (4). The M-H-C-H-M pentapeptide (residues 244 to 248) includes this histidine as one of the metal-ligand domains (1, 4) . The D-152--N amino acid change in DRD4 was immediately adjacent to a region which forms an internal loop in the Salmonella enzyme (1) which is absent from the B. subtilis GS (Fig. 2) . The loop-proximal region containing this alteration apparently lies close to the active site in the Salmonella enzyme (1) .
Given the apparent regulatory function of this enzyme, it was surprising that the altered amino acids were not in residues unique to the B. subtilis GS. For example, one Fig. 2 ).
b Enzyme activities of the wild type and DRD strains were assayed by the y-glutamyl hydroxamate synthetase assay and are expressed in nanomoles of product per minute per milligram of protein (from D. R. Dean, Ph.D. thesis).
' Based on immunoblot band intensities relative to that of the wild type, as in Fig. 1 - 11 with modifications to indicate amino acid changes). Symbols: ----, gaps introduced to maximize the alignment; *, amino acid identity; O, similar residues (11) . Regions of the S. typhimurium GS involved in a-helical (a) or p-sheet (b) structure (1, 7) are also indicated. The double-headed arrows beneath the amino acids indicate portions of the S. typhimurium sequence which participate in the active site (1) . Amino acid changes for auxotrophs DRD2, DRD4, and DRD7 are indicated ( (2, 6) , so at least this one class of derepressed mutants can survive in the absence of glutamine. No mutants with a similar phenotype have been described in other bacteria, indicating that the overproduction of GS antigen, perhaps due to an autogenous regulatory system, may be unique to B. subtilis.
Virtually all B. subtilis glutamine auxotrophs retain some GS activity in vitro, so alterations in kinetic parameters account for the auxotrophy (2). It is unlikely that the retention of GS activity or antigen reflects an essential function for this enzyme, however, since it was possible to construct a mutant with a deletion of about one-third of the GS structural gene. This mutant lacked any measurable activity or antigen of the size of GS (10) .
There is extensive similarity in sequence among the GSs of several procaryotes (11), so it is likely that they all contain active sites very similar to that in the S. typhimurium enzyme. If so, the apparent regulatory properties of the B. subtilis GS must be directly attributed to the catalytic region rather than to a unique portion of the enzyme.
